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Introduction
Eccentric exercise induces delayed-onset muscle soreness, muscle fibre disruption, and functional impairment, as shown by the concomitant decrease in maximal voluntary contraction (MVC) and maximal power output (Appell et al., 1992; Cheung et al., 2003; Lieber et al., 1996; Rodenburg et al., 1993; Yu et al., 2003) . Whether these architectural and functional changes could also decrease the efficiency of muscle contraction remains unknown. It has also been shown that the energy cost of running increases with the distance covered during a marathon (Brueckner et al., 1991) and at the end of the marathon (Kyrolainen et al., 2000) . With time, the increase in the O 2 cost of running is even more accentuated during downhill running (Dick and Cavanagh, 1987) than during running on level ground, i.e., during a mode of exercise characterised by a significant component of eccentric muscle actions.
It is likely that eccentric exercise causes muscle damage by a progressive mechanical disruption, the magnitude of which depends on the intensity, velocity, amplitude, duration of eccentric contractions, and previous experience with this type of muscle contraction (Cheung et al., 2003; Nosaka et al., 2002) . After the initial mechanical disruption during the hours that follow, histological changes take place which are compatible with a local inflammatory reaction that causes secondary damage and the characteristic muscle pain (Lieber and Friden, 1999; Peterson et al., 2003; Tidball, 2002; Warren et al., 1999) . It has also been reported that muscle soreness is associated with decreased running economy in trained subjects (Braun and Dutto, 2003; Calbet et al., 2001) . Warren et al. (1996) have shown that eccentric exercise reduces concentric contraction economy in the muscle of the mouse. Human experiments also suggest that concentric muscle contractions are likewise impaired following exhaustive eccentric exercise, but to a lesser extent than eccentric contractions (Horita et al., 2003) . No attempt has been made until now, however, to verify whether muscle efficiency during concentric contractions is progressively altered by the accumulated effect of repetitive eccentric muscle actions until exhaustion.
It seems there is less muscle damage when a bout of concentric exercise (Nosaka and Clarkson, 1997) or a warm-up is performed before eccentric exercise (Evans et al., 2002) . But it is still not known whether prolonged concentric exercise may actually have a protective effect in attenuating the muscle damage and functional impairment caused by repeated bouts of eccentric exercise. Thus, we hypothesise that cycling efficiency will be impaired by eccentric exercise and that this effect will increase as a function of the number of prior eccentric contractions.
Therefore, the aim of this study was to find out whether the efficiency of concentric muscle contraction is impaired by eccentric exercise, and to describe the time course of this impairment. Additionally we aimed to determine how much time is required to recover the normal values of muscle efficiency if affected by eccentric exercise. To achieve these objectives, we measured cycling efficiency during cycling at 65% of V . O 2 max until exhaustion. In one group of subjects, eccentric exercise bouts were interposed every 10 min of the cycling exercise (Experiment 1). The recovery process was monitored by determining cycling efficiency 24 hrs, 48 hrs, and 4 days after the prolonged exhaustive exercise. In separate experiments designed to further clarify whether concentric exercise has a protective effect on functional alterations induced by eccentric exercise, cycling efficiency, muscular strength, and the cardiorespiratory response to exercise were assessed before, then 1 hour, 2 days, and 7 days after repeated eccentric squatting exercise to exhaustion (Experiment 2). During the latter experiments no concentric exercise was performed between the bouts of eccentric exercise.
Methods

SUBJECTS
Twenty-five male physical education students volunteered to participate in this study after providing written informed consent. They were split into two groups, one group per experiment: concentric-eccentric (Experiment 1) and eccentric (Experiment 2). Their physical characteristics are reported in Table 1 . Fourteen subjects agreed to participate in the concentric-eccentric experiments and 11 took part in the eccentric experiments. All were healthy physically active young men who exercised regularly 2 to 4 times a week. They were asked to follow similar diets and to avoid strenuous physical activities during the 48 hours prior to the experiments. The studies reported here were approved by the local ethics committee.
EXPERIMENT 1: CONCENTRIC-ECCENTRIC EXERCISE Subjects reported to the laboratory on 6 occasions. During the first two visits they were familiarised with the experimental protocol. The third session was used to measure their V . O 2 max (CPX, Medical Graphics, St. Paul, MN) during an incremental exercise (25 W·min -1 , at 70 rev·min -1 ) to exhaustion on the cycle ergometer (Ergo-metrics 900, Ergo-line, Bitz, Germany) (Dorado et al., 2004) . Thereafter, the load eliciting a V . O 2 corresponding to 65% of V . O 2 max was determined and verified. Subsequently, subjects reported two more times to the laboratory and were randomly assigned to a control (CON) or to an eccentric exercise trial (ECC) which were conducted 3 weeks apart. Trials consisted of 10 bouts of cycling exercise at 65% of V . O 2 max, each lasting for 10 min, except the first bout which was extended to 20 min. During the CON trial, rest periods of 3 min were intercalated between cycling bouts, while during the ECC trial this time was used to perform 25 reps of "eccentric squatting exercise" (Carreño et al., 2001 ) between cycling bouts (Figure 1) .
Eccentric exercise was performed by lowering a weightlifting barbell with a load equivalent to 150% body mass, which was placed on the shoulders. Each repetition started from the upright position. Subjects then had to bend their knees until reaching the final position, which was defined by achievement of a 90E knee angle. Once the final position was reached, two assistants at each side raised the load to the upright position. Just before each experiment, the maximal isometric leg extension force was measured while subjects stood on a force plate (Kistler, Winterthur, Switzerland) with the knees bent at a 90° angle. The force developed was transmitted to the force plate when the subjects pushed maximally against a weightlifting bar placed on the shoulders and attached to the floor with two steel chains, one at each side of the force plate. Force measurements were repeated after the 4th and 8th cycling bouts, as well as at the end of the test. During the last 4 minutes of each bout, V . O 2 , V . CO 2 , minute ventilation (V E ), respiratory rate (RR), tidal volume (V t ), end-tidal O 2 pressure (P ET O 2 ), and end-tidal CO 2 pressure (P ET CO 2 ) were measured with a metabolic chart (CPX, Medical Graphics) and averaged. Heart rate was recorded with a Polar Avantage XL heart rate monitor (Sport Tester 4000, Polar, Kempele, Finland). In addition, whole blood lactate concentration ([La]) was assessed in capillary blood obtained from the ear lobe during the last minute of each cycling bout (YSI 1500 Sport, Yellow Springs, OH). Prior to exercise the ear lobe was hyperemized with Finalgon ® . To reduce thermal stress and minimise water losses due to sweating, subjects were fan cooled and drank approximately 100 ml of water during the rest periods. Tests were performed at 20-24 °C, -70% relative humidity, and 740-750 mmHg atmospheric pressure.
One, 2, and 4 days later the subjects again reported to the laboratory for measurement of MVC, cycling efficiency, [La] , and cardiorespiratory response to 20 min of cycling exercise at 65% of V . O 2 max, as performed during the first bout of cycling exercise during the CON and ECC conditions. The V . O 2 , V . CO 2 , V E , and heart rate (HR) recorded during the last 4 min of exercise were averaged and taken as representative of this exercise intensity. Blood samples for [La] assessment were obtained at approximately the 20th minute of exercise.
EXPERIMENT 2: ECCENTRIC EXERCISE Following two familiarisation sessions with the experimental protocol, V . O 2 max was determined (Table 1 ). The subjects reported to the laboratory three more times. Each session began with a standardised warm-up followed by the measurement of MVC. The subjects then exercised on the cycle ergometer for 6 min at 151 ± 4 W (62% of their V . O 2 max), and the V . O 2 , V . CO 2 , V E , and HR were determined during the last 2 min and averaged. At the 5th minute of exercise a blood sample was obtained for [La] assessment. The next day the subjects undertook a series of 25 reps of eccentric squatting exercise, each with a load equivalent to 95% of his MVC (~160% of body mass). Eccentric exercise series were repeated every 3 min until the subjects could not perform more than 10 reps, or until they could no longer control the movement and/or the technical execution deteriorated. At the end of the eccentric exercise they had an hour to recover. They then repeated the cycling exercise bout at the same intensity as before the eccentric exercise. On Days 2 and 7 following the eccentric exercise, the MVC, cycling efficiency, capillary blood lactate concentration, and cardiorespiratory response to exercise were evaluated again. Although not measured in the current study, the eccentric squatting exercise protocol applied here elicited a four-to fivefold elevation in plasma CK concentration in this population of subjects (Carreño et al., 2001 ).
GROSS EFFICIENCY AND ASSESSMENT OF MUSCLE SORENESS
Gross cycling efficiency was calculated from V . O 2 and RER values, using the energy equivalent of O 2 corresponding to each RER value (Peronnet and Massicotte, 1991) .
To assess muscle pain, we asked the subjects to rate their muscle soreness by assigning a value on a visual scale ranging from 0 to 10 points, where 0 represented no muscle soreness and 10 points represented the highest level of postexercise muscle soreness they ever experienced.
STATISTICAL ANALYSIS
The influence of eccentric exercise and time on cycling efficiency during prolonged exercise (Experiment 1) was determined by a two-way repeated measures analysis of variance with eccentric exercise (two levels) and time (9 levels, starting with the 2nd and ending with the 10th bout) as within-subjects factors. We used a similar approach to study the recovery process after Experiment 2, i.e., ANOVA was performed with recovery time (four levels) as a within-subjects factor. In the case of a significant F-value, to locate the temporal point at which there was a significant difference between conditions in Experiment 1, we conducted post hoc pairwise comparisons using a paired Student t-test corrected with the Bonferroni procedure. When ANOVA was significant in Experiment 2, we conducted pairwise comparisons (control vs. the different time points assessed: 1 hr, 2 days, and 7 days following eccentric exercise) using the paired Student t-test without corrections for multiple comparisons, to reduce the likelihood of a type II error (Perneger, 1998) . We applied the unpaired Student t-test to see if there was a significant difference in force impairment and recovery between Experiments 1 and 2. To test whether a variable increased or decreased linearly with time during Experiment 1, we applied a linear regression analysis. In some instances we report the partial eta-squared value as a measure of the size effect, as well as the power of the particular test. The eta-squared statistic describes the proportion of total variability attributable to a factor. The significance level was set at p < 0.05. Data are reported as the mean and standard error (SE). Oxygen uptake, respiratory exchange ratio (RER), gross cycling efficiency, and capillary blood lactate response to prolonged intermittent cycling exercise at 65% V . O 2 max. White circles represent the condition without eccentric exercise; black circles represent the condition in which subjects performed 25 reps of eccentric squatting exercise with a load equivalent to 150% of body mass after each bout of cycling exercise. MVC: measurement of maximal voluntary contraction. *p < 0.05 when comparing both conditions.
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Results
EXPERIMENT 1
Despite the fact that the subjects displaced 23,227 ± 1,196 kg (total mass lifted during the experiment) during the exercise protocol with eccentric exercise, V . O 2 was similar in the CON and ECC trials (p = 0.11; size effect = 0.2; power = 0.4) (Figure 2a) . However, in both conditions V . O 2 increased linearly with time (p < 0.05; size effect = 0.9; power = 0.9). Between the 2nd and 9th cycling bouts the mean V . O 2 was increased by 6.1 and 6.3%, i.e., from 2.63 ± 0.09 to 2.79 ± 0.09, and from 2.67 ± 0.10 to 2.83 ± 0.08 L·min -1 , in the CON and ECC trials, respectively (p < 0.001). In both trials the RER drifted to a lower value with time (from 0.97 ± 0.01 to 0.91 ± 0.01, and from 0.96 ± 0.01 to 0.90 ± 0.01, in the CON and ECC trials, respectively, both p < 0.05; size effect = 0.8; power = 1.0), implying an increased contribution of fat oxidation to overall energy yield (Figure 2b ). The increase of fat oxidation accounted for nearly 60% of the V . O 2 drift observed between the 2nd and the last cycling bout.
Gross efficiency was similar in the CON and ECC trials (p = 0.11; size effect = 0.2; power = 0.4) (Figure 2c ). It decreased between the 2nd and 9th cycling bouts, from 17.2 ± 0.3 to 16.5 ± 0.4%, and from 17.1 ± 0.3 to 16.0 ± 0.4%, in the CON and ECC trials, respectively (both p < 0.05; size effect = 0.9; power = 0.9). The reduction in cycling efficiency over time tended to be more accentuated during ECC (6.0%) than during CON (4.6%), as shown by the interaction in the ANOVA analysis (p = 0.10; size effect = 0.3; power = 0.1) (Figure 2c ). Between the 2nd and 9th cycling bouts, capillary blood lactate concentration also decreased with time in both conditions, from 3.3 ± 0.4 to 2.5 ± 0.3 mmol·L -1 , and from 3.0 ± 0.5 to 1.9 ± 0.3 mmol·L -1 (both p < 0.001; size effect = 0.2; power = 1.0), in the ECC and CON trials, respectively (Figure 2d ). The [La] was higher during ECC than CON (p < 0.05; size effect = 0.3; power = 0.6), particularly after the 4th bout of bicycling exercise. Maximal isometric force was decreased at the end of the experiment by 15.4 and 15.0% in the CON and ECC trials, respectively, as compared to initial values (both p < 0.05) (Figure 3) .
Twenty-four hours after the cycling bouts the RER was reduced by approximately 0.04 in both conditions (p < 0.05), due to enhanced V . CO 2 (p < 0.05). However, RER values were similar to the control conditions 4 days later. During the control tests performed 1, 2, and 4 days after the CON and ECC protocols, similar values of V . O 2 , V E , RR, Vt, PETO 2 , PETCO 2 , HR, and MVC were obtained. Cycling efficiency was completely restored 24 hrs after the CON and ECC protocols (paired t-test, p = 0.7; power = 0.05, in both cases CON and ECC) (Figure 4a ). Exercise [La] was similarly decreased 24 hrs after the CON and ECC protocols, but was restored to control values 48 hrs after the end of both trials (Figure 4b ). Despite this the ECC was followed by marked muscle soreness 1 and 2 days later (6.6 ± 0.6 and 7.1 ± 0.7 points, respectively, on a scale from 0 to 10). No effect of eccentric exercise on cycling efficiency or exercise [La] response was observed 1, 2, and 4 days after the end ECC protocol. . O 2 max, before and after performing prolonged intermittent cycling exercise at 65% V . O 2 max with and without eccentric exercise. White circles represent the condition without eccentric exercise; black circles represent the condition in which subjects performed 25 reps of eccentric squatting exercise with a load equivalent to 150% of body mass after each bout of cycling exercise. § p < 0.05 compared to the value observed before eccentric exercise. EXPERIMENT 2 During the eccentric exercise protocol, subjects displaced 25,116 ± 2,148 kg (total mass lifted during the experiment). Prior to eccentric exercise the subjects reported no muscle soreness (0.5 ± 0.2 points on a scale from 0 to 10 points), but 1 hour afterward they reported some muscle soreness (3.3 ± 0.6 points), which peaked 48 hrs later (6.7 ± 0.8 points). However, 7 days after the eccentric exercise, no muscle soreness was reported (0.6 ± 0.3 points).
Cycling V . O 2 was not significantly increased 1 hour after eccentric exercise (+5%, p = 0.11; power = 0.2). However, 1, 2, and 7 days after the end of eccentric exercise, V . O 2 was similar to control conditions (Figure 5a ). V . CO 2 was not influenced by eccentric exercise. RER was slightly reduced 1 hour after eccentric exer-cise (0.014 units, p = 0.07), while it was increased by 0.024 units 2 and 7 days after eccentric exercise (p < 0.05). Cycling efficiency showed a marginal trend to a lower value 1 hour after the termination of eccentric exercise (from 18.5 ± 0.6 to 17.7 ± 0.5%, p = 0.13; power = 0.2). However, 2 and 7 days later, cycling efficiency was almost identical to that observed prior to eccentric exercise ( Figure  5b ). Exercise PETO 2 , PETCO 2 , and V E were not affected by eccentric exercise. In contrast, the respiratory rate was slightly increased 1 hour (+6%, p = 0.07) and 48 hours after eccentric exercise (+9%, p < 0.05), but it was normalised 5 days later. Conversely, tidal volume tended to be reduced 48 hours following eccentric exercise (-9%, p = 0.08).
The heart rate response to exercise was increased by 5% (from 137 ± 4 to 144 ± 3 beats·min -1 , p < 0.05) 1 hour after the termination of eccentric exercise, but was identical to control conditions 2 and 7 days later. One hour after the end of Figure 5 . Oxygen uptake and gross cycling efficiency during cycling exercise at 62% V . O 2 max, before and after performing eccentric squatting exercise to exhaustion (Experiment E2). p < 0.05 compared to the value observed before eccentric exercise. eccentric exercise, the blood lactate response to cycling exercise was similar to that observed beforehand. However, 2 days later the blood lactate concentration during cycling was reduced by 12% (p < 0.01). A normal blood lactate response to exercise was observed at 7 days posteccentric exercise ( Figure 6 ). Maximal isometric leg extension force was decreased by 18% 1 hour after the termination of eccentric exercise (p < 0.05). Two days later MVC was still 14% lower than before the eccentric exercise (p < 0.05), but it was normalised 7 days after eccentric exercise (Figure 7) . 
Discussion
This study shows that cycling efficiency decreases during prolonged exercise and that, contrary to our hypothesis, eccentric exercise does not accelerate the decline in cycling efficiency usually observed with prolonged cycling exercise. The study also demonstrates that interposing eccentric squatting exercise between bouts of cycling exercise elicits a higher blood lactate concentration without modifying the contribution of fat and carbohydrate oxidation to overall energy yield. In addition, it has also been shown that the loss of isometric force evoked by prolonged cycling was not accentuated by adding a substantial volume of eccentric exercise. Furthermore, this investigation suggests that MVC recovers faster if eccentric exercise is combined with concentric exercise, while more than 2 days are needed to restore MVC when eccentric exercise is performed alone.
EFFECTS OF PROLONGED CYCLING EXERCISE
The oxygen cost of prolonged exercise at constant intensity depends on the duration and relative intensity of exercise, as well as on the form of muscle contraction (Brueckner et al., 1991; Davies and Thompson, 1986; Guezennec et al., 1996; Hagberg et al., 1978; Kyrolainen et al., 2000; Tonkonogi et al., 1988; Whipp and Wasserman, 1972) . The increase of V . O 2 at the end of submaximal exercise observed in our study is similar to that previously reported for continuous cycling exercise of similar duration and intensity (Gonzalez-Alonso et al., 1998; Tonkonogi et al., 1998) , but lower than the 16% increase observed at the end of a marathon run (Kyrolainen et al., 2000) .
The physiological mechanism responsible for the ascending drift of V . O 2 with the duration of exercise remains unidentified. It may be speculated that the upward drift of V . O 2 is caused by increased ATP utilisation due to decreased mechanical efficiency and/or reduced efficiency in ATP production, i.e., decreased efficiency in the energy transfer (P/O ratio). In theory, factors such as hyperthermia, increased plasma catecholamines, changes in mitochondrial respiration (Tonkonogi et al., 1998; Willis and Jackman, 1994) , alterations in sarcoplasmic reticulum function (Tupling, 2004; Warren et al., 1996) , increased recruitment of type II fibers (Krustrup et al., 2004a (Krustrup et al., , 2004b , and impairment of intermuscular coordination could contribute to increase ATP utilisation (Kyrolainen et al., 2000) . However, neither hyperthermia (Gonzalez-Alonso et al., 1998) nor adrenaline infusion or betablockade (Mora-Rodriguez et al., 2001) alter V . O 2 during prolonged submaximal exercise. During prolonged exercise of moderate intensity it is mostly type I fibers that are recruited, but as fatigue develops, type II fibers are also activated to maintain the same power output (Gollnick et al., 1973) . The latter leads to higher exercise V . O 2 since the mechanical efficiency of type II fibers is lower than that of type I fibers (Crow and Kushmerick, 1982; Krustrup et al., 2004b) . Fatigue may also reduce the coordination between synergistic muscles and the agonist-antagonist coordination, as suggested by Kyrolainen et al. (2000) .
On the other hand, a substrate shift from carbohydrate to fat might contribute to V . O 2 drift, since more O 2 is needed to maintain a given ATP flux when fats rather than carbohydrates are oxidised. However, our study shows that substrate shift only accounts for part of the V . O 2 increase with exercise duration. More im-portant, the substrate mixture oxidised was not altered by the addition of eccentric exercise, neither acutely nor in the days following eccentric exercise. This finding is in agreement with the work of Walsh et al. (2001) , who studied the effect of eccentric cycling on muscle oxidative metabolism. In the present study blood lactate concentration was higher when cycling was combined with eccentric squatting exercise than when cycling exercise was performed alone. Twenty-four hours later, however, blood lactate response to cycling was similar in both conditions. Compared to control conditions, the experiment E2 (eccentric exercise performed alone) did not alter the blood lactate response to cycling exercise 1 hour after the end of eccentric exercise. In contrast, Gleeson et al. (1995) reported elevated blood lactate together with a shift to greater carbohydrate oxidation 2 days after 30 min of bench stepping (47-cm step, 15 steps·min -1 ). The discrepancy between our results and those of Gleeson et al. are probably related to differences in the eccentric exercise model. However, given the fact that the volume of eccentric work performed by our subjects was greater than that performed by the subjects in Gleeson et al.'s study, a higher alteration of muscle metabolism was expected in our study. Nevertheless, 48 hours after the end of eccentric exercise, muscle oxidative metabolism was similar to control conditions. The ascending V . O 2 drift during prolonged exercise is more accentuated when the exercise involves eccentric muscle contractions, such as with downhill running (Dick and Cavanagh, 1987; Westerlind et al., 1992) or eccentric cycling (Klausen and Knuttgen, 1971) . It has been suggested that running economy may deteriorate during prolonged exercise due to the muscle damage caused by the eccentric component of the exercise (Kyrolainen et al., 2000) . Although eccentric squatting exercise causes muscle damage presumably in the same muscle groups recruited during cycling, the present study shows that eccentric exercise does not accelerate the decline in cycling efficiency elicited by the duration of exercise. Moreover, Experiment E2 indicates that cycling V . O 2 may be increased at the most by 5%, 1 hour after the end of eccentric exercise (if a type II error is assumed due to insufficient statistical power). Although at first glance this increase in V . O 2 may seem small, it is not irrelevant since a drift of this magnitude has been associated with reduced exercise performance (Passfield and Doust, 2000) . It is worth noting that both experiments (E1 and E2) show no effect of intense muscle soreness on cycling efficiency 48 hours after eccentric exercise. Nosaka and Clarkson (1997) reported that warming-up with 100 concentric arm flexion actions attenuated the muscle damage induced by subsequent eccentric exercise of the arm flexors. In the present study we had a condition in which the subjects performed 20 min of cycling exercise at 65% V . O 2 max prior to eccentric exercise (CON-ECC protocol), and another condition in which they did not perform concentric exercise prior to eccentric exercise (pure eccentric exercise protocol). By comparing both conditions it can be concluded that concentric exercise does not attenuate the loss of muscle strength caused by eccentric exercise, as previously reported (Evans et al., 2002; Nosaka and Clarkson, 1997) . However, when eccentric exercise was preceded by and combined with cycling exercise, the recovery of muscle strength was complete even at 24 hours, whereas it was still reduced 48 hours after the end of eccentric exercise performed without concentric exercise.
Can muscle damage and its accompanying functional impairment be attenuated by warm-up?
Our results agree with those of Nosaka and Clarkson (1977) , who also observed a faster recovery of MVC when the eccentric exercise bout was preceded by concentric exercise. Perhaps the concentric muscle contractions performed during the 10 min of bicycling exercise have a protective effect, attenuating the muscle damage caused by the bouts of eccentric squatting exercise. With less muscle damage, muscle force may be recovered faster. This may be the reason why muscle strength was normalised the next morning in our experiments, while it took a little more time in the Nosaka and Clarkson study. In contrast to Nosaka and Clarkson (1977) , but in agreement with Evans et al. (2002) , concentric exercise had no significant effect on the level of muscle pain elicited by eccentric exercise and its recovery. The fact that muscle pain was similar, but force recovered faster when the subjects combined concentric and eccentric exercise, suggests that muscle pain per se has no role in the reduction of muscle strength after eccentric exercise.
It has been reported that the loss of muscle strength after eccentric exercise is caused by both peripheral (Ingalls et al., 1998; McBride et al., 2000; Michaut et al., 2002; Warren et al., 1993; Yeung et al., 2002) and central (Gibala et al., 1995; Michaut et al., 2002; Millet et al., 2003) mechanisms. Among the peripheral mechanisms, animal experiments have provided compelling evidence for a failure in neuromuscular transmission and sarcolemmal excitability, caused by excitationcontraction uncoupling (Ingalls et al., 1998; Warren et al., 1993; Yeung et al., 2002) and persistent activation of mechanosensitive or stretch-activated ion channels (McBride et al., 2000) .
Evidence for a central failure in maximal muscle activation following eccentric exercise has been obtained using the twitch-interpolation technique. This technique compares the force generated during a maximal concentric voluntary contraction with that elicited when an electrical discharge is superimposed on a maximal voluntary isometric contraction. If electrical stimulation allows for a greater development of force, then it is assumed that there is a deficit of neural activation. Using the twitch interpolation technique, it has been reported that following eccentric exercise or prolonged running there is a deficit of neural activation (Gibala et al., 1995; Michaut et al., 2002; Millet et al., 2003) . Also, it has been postulated that pain or reflexes triggered by inflammation mediators or catabolites released during and/or following eccentric exercise may attenuate the corticospinal drive at either the supraspinal or spinal level, reducing the output of the alphamotoneurons (Millet et al., 2003) .
More experiments will be needed to determine by which mechanisms a recovery of strength is facilitated when eccentric exercise is combined with concentric exercise. It may be of particular interest to determine if the degree of muscle damage is attenuated when the eccentric exercise is combined with concentric exercise. It could also be of interest to determine if this combination of exercise prevents the persistent activation of mechanosensitive or stretch-activated ion channels described by McBride et al. (2000) . Finally, whether the combination of eccentric and concentric exercise prevents the impairment in the process of neural activation observed when eccentric exercise is performed alone needs to be established.
In summary, this study shows that eccentric exercise does not reduce cycling efficiency either acutely or in the days that follow, even when the subjects experience intense delayed muscle soreness and loss of muscle strength. By performing concentric exercise before and between the series of eccentric exercise, subjects recover their strength faster than when performing eccentric exercise alone.
